A Gram-staining-negative, aerobic, non-motile, coccus-shaped bacterium, designated SAORIC-696 T , was isolated from deep-sea water at a depth of 1700 m in the western North Pacific Ocean. Optimal growth of strain T was observed at 15 8C, pH 7.0 and in the presence of 2 % (w/v) NaCl. Strain SAORIC-696 T formed a robust phylogenetic clade with members of the genus Lentisphaera. The 16S rRNA gene sequence similarity showed that strain SAORIC-696 T was most closely related to Lentisphaera marina (98.0 % similarity) and
contained MK-7 as the only respiratory quinone. On the basis of taxonomic data collected in this study, it was concluded that strain T represents a novel species of the genus Lentisphaera, for which the name Lentisphaera profundi sp. nov. is proposed, with the type strain SAORIC-696 T (5NBRC 110692 T 5 KCTC 42681 T ).
Bacteria belonging to the phylum Lentisphaerae have been recognized as being typically difficult to isolate in pure culture. At the time of writing, the phylum Lentisphaerae consists of only four species with validly published names: Lentisphaera araneosa (type strain HTCC2155 T ), Lentisphaera marina (IMCC11369 T ), Victivallis vadensis (Cello T ) and Oligosphaera ethanolica (8KG-4 T ). The genus Lentisphaera is the type genus of the order Lentisphaerales and it was first proposed with a description of L. araneosa, which was isolated from the Oregon coast (Cho et al., 2004) . The genome sequence of L. araneosa HTCC2155 T (Thrash et al., 2010) showed that the strain contains multiple genes including eps gene clusters connected with exopolysaccharide production. The second species, L. marina (Choi et al., 2013) , was isolated from surface seawater collected off the east coast of Korea. The two current species of the genus were retrieved using the high-throughput culturing method based on dilution-to-extinction in a low-nutrient heterotrophic medium (Connon & Giovannoni, 2002) and accommodate Gram-staining-negative, non-motile cocci that produce extracellular polymeric substances and contain MK-7 as the major respiratory quinone. In this study, strain SAORIC-696 T isolated from deep-sea water is described as a representative of a novel species of the genus Lentisphaera based on comparative phenotypic and phylogenetic analyses.
Strain SAORIC-696
T was isolated from a deep-sea water sample obtained from the western North Pacific Ocean (388 259 N 1438 009 E; depth, 1700 m) during the research cruise (KT-12-08) of RV Tansei Maru [Atmosphere and Ocean Research Institute, The University of Tokyo, and Japan Agency for Marine-Earth Science and Technology (JAMSTEC)]. Isolation of the strain was performed using the standard dilution-plating method on an oligotrophic medium consisting of R2A agar (BD Difco) diluted 1 : 10 (v/v) with aged seawater (referred to as 1/10 R2A). Strain T was maintained routinely on 1/10 R2A at 15 8C for 2 weeks and stored as glycerol suspension (20 %, v/v) at 280 8C. L. araneosa HTCC2155 T and L. marina IMCC11369 T were revived from frozen glycerol stocks and used as reference strains throughout the study.
Genomic DNA was extracted using a DNeasy blood tissue kit (Qiagen) according to the manufacturer's instructions. An almost complete sequence of the 16S rRNA gene (1465 bp) was obtained for strain T as described previously (e.g. Cho & Giovannoni, 2003) . The 3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequence of strain T is KR108286.
phylogenetic position of SAORIC-696 T was ascertained using the ARB database and also confirmed by using the EzTaxon-e server (Kim et al., 2012 T was initially aligned with those of its closest relatives using the SILVA aligner version 1.2.11 (http://www. arb-silva.de/aligner/; Pruesse et al., 2012) , imported into the ARB software package (Ludwig et al., 2004) , checked manually for the alignment and exported for phylogenetic analyses. Phylogenetic trees were generated in MEGA 6.0 (Tamura et al., 2013) using neighbour-joining (Saitou & Nei, 1987) with Jukes-Cantor distance (Jukes & Cantor, 1969) , maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1981) methods. The robustness of the neighbour-joining, maximum-parsimony and maximum-likelihood trees was assessed by bootstrap analyses based on 1000 randomly replicated datasets. In all phylogenetic trees, strain SAORIC-696
T constituted a robust clade with the two predefined species of the genus Lentisphaera, suggesting that the novel strain belonged to the genus Lentisphaera ( Fig. 1 ).
To clarify whether SAORIC-696
T represents a new genomic species separated from L. araneosa HTCC2155 T and L. marina IMCC11369 T , genomic DNA relatedness was determined by membrane-based slot-blot hybridization using a DIG-High Prime DNA Labelling and Detection Starter kit (Roche Molecular Biochemicals). DNA-DNA relatedness was calculated from the relative signal intensities of triplicated slot-blots estimated by densitometric analysis (LAS-3000, Fujifilm). DNA-DNA relatedness between strain SAORIC-696 T and L. marina IMCC11369 T was 42.0 % (SAORIC-696 T as the probe; reciprocal 33.3 %) and between strain SAORIC-696 T and L. araneosa HTCC2155 T was 37.0 % (SAORIC-696 T as the probe; reciprocal 27.0 %). The low levels of DNA-DNA relatedness (,70 %) between the novel isolate and the two species of the genus Lentisphaera (Wayne et al., 1987) demonstrated that strain T is a novel strain constituting a separate genomic species in the genus Lentisphaera.
For phenotypic characterization, strain SAORIC-696
T was routinely grown on 1/10 R2A at 15 8C for 2 weeks. Cellular morphology and cell size were examined by both transmission electron microscopy (TEM; CM200, Philips) and phase-contrast microscopy (80i, Nikon). For TEM, thinsectioned cells were negatively stained with 2.0 % uranyl acetate on a carbon-coated copper grid. Cells of strain SAORIC-696
T showed coccus-shaped morphology, ranging from 0.4 to 0.5 mm in diameter (Fig. S1 available in the online Supplementary Material). Motility was tested from wet mounts of exponential-phase cells. Anaerobic growth was tested after 4 weeks of incubation using the MGC anaerobic system with Anaero-PACK (Mitsubishi Gas Chemical). Growth at 4, 10, 15, 20, 25, 30, 37 and 42 8C and pH 5.0-10.0 was assessed using artificial seawater (ASW) medium (Waterbury et al., 1986) . The pH was adjusted using the following buffering system: MES pH 5.0-6.0, MOPS pH 6.5-7.0, HEPES pH 7.5-8.0, Tris pH 8.5-9.0 and CHES pH 9.5-10.0. Growth with 0-5 % NaCl (at intervals of 0.5 %) and 5.0-15.0 % NaCl (at intervals of 2.5 %) was determined in NaCl-free ASW. Gram staining was performed using a Gram-staining kit (bioMérieux). Triple-sugar iron agar (BD Difco) supplemented with 2.0 % NaCl was used to determine H 2 S production. Hydrolysis of casein (10 % skimmed milk, w/v), starch (0.2 %, w/v), colloidal chitin (0.5 %, w/v), CM-cellulose (0.2 %, w/v), Tween 20 (1.0 %, v/v) and Tween 80 (1.0 %, v/v) was determined by the formation of clear zones around colonies after adding appropriate solutions (Tindall et al., 2007) . Degradation of DNA was tested using DNase test agar (Difco) amended with 2.0 % NaCl. Other biochemical tests were carried out using API 20NE, API ZYM and API 50CH (bioMérieux) using cells in ASW medium. The production of extracellular polymeric substances was tested in ASW medium according to the method described previously (Cho et al., 2004) . Sole carbon source utilization was tested in 48-well microplates with 47 different carbon compounds at a fi'nal concentration of 0.02 % (w/v or v/v), according to Cho & Giovannoni (2003) . Cellular growth was monitored by using an Easy-Cyte flow cytometer (Guava Technologies) after 1 h of staining in 1 : 2000 diluted SYBR-Green I (Invitrogen). The phenotypic characteristics of strain T are given in Table 1 and the species description. A number of phenotypic characteristics, including temperature range and optimum for growth, acid production from a variety of substrates and carbon source utilization patterns differentiated strain T from the reference species of the genus Lentisphaera.
The DNA G+C content was determined using the HPLC method (Mesbah et al., 1989) . Fatty acid methyl esters of strains SAORIC-696 T , L. marina IMCC11369 T and L. araneosa HTCC2155 T were extracted from bacterial cultures grown on 1/10 R2A to the late exponential phase and determined by using the Sherlock Microbial Identification System (MIDI) version 6.1 with TSBA6 database (Sasser, 1990) . Isoprenoid quinones were extracted by TLC according to the method of Minnikin et al. (1984) and analysed by HPLC (Collins, 1985) . The DNA G+C content of strain SAORIC-696 T was 43.1 mol %. The only respiratory quinone detected was MK-7. The major fatty acids (.10 %) of strain SAORIC-696 T were C 16 : 1 v9c (36.8 %), C 14 : 0 (22.5 %) and summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I; 10.8 %). The fatty acid compositions of strain T and the reference strains were generally similar, but the proportions of some fatty acids including C 14 : 0 and summed feature 3 were different (Table 2) .
Collectively, phylogenetic analyses, chemotaxonomic characteristics, low DNA-DNA relatedness and phenotypic A. Choi and others characteristics suggest that deep-sea isolate SAORIC-696 T should be considered to represent a novel species of the genus Lentisphaera. Therefore, the name Lentisphaera profundi sp. nov. is proposed with the type strain SAORIC-696 T .
Description of Lentisphaera profundi sp. nov.
Lentisphaera profundi (pro.fun9di. L. gen. n. profundi of the depths of the sea, of the deep-sea).
Gram-staining-negative, chemoheterotrophic, oxidase-and catalase-negative, non-motile, non-pigmented and aerobic. Cells are cocci, 0.4-0.5 mm in diameter. Colonies are small (v1 mm in diameter), circular, convex, smooth and milky white after 2 weeks of incubation on 1/10 R2A at 15 uC. Temperature range for growth is 4-20 uC (optimum, 15 uC). No growth occurs above 25 uC. The pH range for growth is pH 7.0-9.0 (optimum, pH 7.0). Growth occurs with 2.0-7.7 % (w/v) NaCl (optimum 2.0 % 
